Abstract: Rat myelin vacuolation mutation at the Attractin locus (Atrn mv ) is a genomic deletion including the whole exon 1 of the Atrn gene. The precise size and location of the deleted region has not yet been identified because of poor information on genomic organization of the rat Atrn gene. Here, we identified the breakpoints of the Atrn mv mutation, using a draft sequence of the rat genome. In the Atrn mv/mv rat, a 6,914-bp genomic region was deleted. Primers flanked 5'-and 3'-breakpoints amplified the Atrn mv allele but not the wild-type allele. This primer set enables us to distinguish Atrn mv/+ heterozygous rats from Atrn +/+ rats, and will contribute to the efficient production of Atrn mv/mv rats. Key words: deletion mutation, genotyping, myelin vacuolation rat
The myelin vacuolation (mv) rat is one of the Attractin (Atrn) mutants and is characterized by body tremor and vacuole formation in the central nervous system (CNS) [7] . Kuwamura et [1, 3, 5, 6 ]. The 5'-breakpoint of the Atrn mv deletion allele is located between positions -719 and -632 from start codon of Atrn, but the 3'-breakpoint has not been determined because of poor information on genomic organization of the rat Atrn intron 1 [7] . A diagnostic PCR marker derived from the 5'-breakpoint can distinguish the In this study, using the draft sequence of the rat genome, we identified the breakpoints of the Atrn mv allele, and developed a PCR marker for genotyping of Atrn mv/mv , Atrn mv/+ and Atrn +/+ . We searched the rat HTGS database (http:// www.ncbi.nlm.nih.gov/HTGS/) to find the genomic sequence containing both exon 1 and exon 2 of the rat Atrn. In a previous study, we determined the 6,740-bp nucleotides sequence of the 5'-noncoding region and intron after exon 1 (AB069686) and the 2,704-bp nucleotide sequence of the intron preceding exon 2 (AB069687) [7] . Using BLAST with these sequences, we obtained a draft sequence of the rat genome (AC094932) (Fig. 1A) . Comparing previously known sequences (AB069686 and AB069687) with AC094932 revealed an ~8.0-kb sequence downstream from AB069686 and an ~1.0-kb sequence upstream from AB069687, although the nucleotide sequence of intron 1 has not yet been completely assembled (Fig. 1A) .
For mapping of the 3'-breakpoint, we developed ten sequence tagged site (STS) markers within intron 1 ( Table 1 , Fig. 1A ), and conducted STS-content mapping using genomic DNAs of Atrn mv/mv , Atrn mv/+ and Atrn +/+ rats as templates. PCRs were performed with 30 cycles (denaturation at 98°C for 20 s, annealing at 55°C for 30 s, extension at 72°C for 1min) using LATaq DNA polymerase (Takara). PCR products were a) : Position of 5'-end of forward primer from the first nucleotide of the start codon of the rat Atrn gene. b) , c) : Developed for detection of the 5'-breakpoint in the previous study [7] .
electrophoresed on 2% agarose gels and were visualized by ethidium bromide. In the Atrn mv/mv rat, D3Kyo 9, 10 and 11 were negative, while D3Kyo12, 13, 14, 15, 16, 17 and 18 were positive. These results suggest that the 3'-breakpoint of the Atrn mv deletion is located between D3Kyo11 and 12 (Fig. 1A) .
To identify the breakpoints of Atrn mv deletion, we amplified genomic DNA of the Atrn mv/mv rat using the forward primer of D3Kyo7 (D3Kyo7-F) [7] and the reverse primer of D3Kyo12 (D3Kyo12-R), and determined the nucleotide sequence of the PCR product. A 1,150-bp PCR product was obtained from the Atrn mv/mv rat. Comparing the nucleotide sequence of the products with AC094932 revealed that the 5'-breakpoint of the Atrn mv deletion was located at the position of -691 and that the 3'-breakpoint was located at the position of 6,223 from the first nucleotide of the start codon of the rat Atrn gene (Fig. 1B) . In the Atrn mv/mv rat, the 6,914-bp genomic fragment including the entire exon 1 of the Atrn gene is deleted.
We applied the STS markers developed here to genotype Atrn mv/mv homozygous, Atrn mv/+ heterozygous and (Fig. 2) . As described previously, diagnostic primers for the 5'-breakpoint (D3Kyo7-F and D3Kyo8-R) generated 576-bp products from Atrn mv/+ and Atrn +/+ rats, but not Atrn mv/mv rats [7] . In addition, this study demonstrated that a set of primers (D3Kyo11-F and D3Kyo12-R) could be used as the diagnostic primers for the 3'-breakpoint, generating 806-bp products from Atrn mv/+ and Atrn +/+ rats, but not Atrn mv/mv rats (Fig. 2) . Combined use of the diagnostic primer set for the deletion with the diagnostic primer set for the 5'-or 3'-breakpoints identified individual Atrn mv genotypes. These primer sets will enable us to select Atrn mv/+ heterozygous progeny for next generation and Atrn mv/mv homozygous progeny before weaning. The rat Atrn gene encodes two isoforms of ATRN, the membrane-type ATRN and the secreted-type ATRN, which are generated by alternative splicing [5] . The membrane-type ATRN plays important roles in myelination in the CNS as well as agouti signaling in hair pigmentation. The secreted-type ATRN is associated with modulation of immune cell interaction [2] . In addition, the zitter (Atrn zi/zi ) rat, a loss-of-function Atrn mutant rat, shows loss of dopamine 3 receptors with degeneration of the dopamine system, and is thought to be a potential animal model for Parkinson's disease (PD) [4] . The myelin vacuolation (Atrn mv/mv ) rat also is a loss-of-function Atrn mutant and, therefore, could also be a possible animal model for PD. Thus, Atrn mutant rats might provide an animal model for studying the pleiotropic functions of the Atrn gene products. The diagnostic PCR primer sets developed in this study should make breeding of Atrn mv/mv rats more efficient, which would contribute toward investigating the biological function of ATRN as well as the etiology of PD in humans.
